
(IIHFW�RI�:HOG�,PSHUIHFWLRQV�DQG�5HVLGXDO�6WUHVVHV�RQ�WKH�)DWLJXH

&UDFN�3URSDJDWLRQ�LQ�)ULFWLRQ�6WLU�:HOGHG�-RLQWV

&��'DOOH�'RQQH��*��%LDOODV
��7��*KLGLQL�DQG�*��5DLPEHDX[�� ,QVWLWXWH�RI�0DWHULDOV�5HVHDUFK�

*HUPDQ�$HURVSDFH�&HQWHU��'�������&RORJQH�*HUPDQ\


�QRZ�ZLWK�WKH�'HSDUWPHQW�RI�0DWHULDOV�6FLHQFH��8QLYHUVLW\�RI�3DGHUERUQ��)%�����'������

3DGHUERUQ

$EVWUDFW

)DWLJXH�FUDFN�SURSDJDWLRQ�LQYHVWLJDWLRQV�RI�GHIHFW�IUHH�DQG�GHIHFWLYH�IULFWLRQ�VWLU�ZHOGHG�MRLQWV

RI���PP�WKLFN������7��DQG������7��VKHHWV�UHYHDOHG�OLPLWHG�HIIHFWV�RI�WKH�TXDOLW\�RI�WKH�ZHOG

RQ�GD�G1�D.� FXUYHV��5HVLGXDO� VWUHVV� HIIHFWV� DUH�PXFK�PRUH� LPSRUWDQW��2Q� WKH� EDVLV� RI� WKH
. ����� �DSSURDFK�DQG�D�VLPSOH�UHVLGXDO�VWUHVV�LQWHQVLW\�IDFWRU�HVWLPDWLRQ�LW�LV�SRVVLEOH�WR�FOHDU�WKH
WHVW�GDWD�IURP�UHVLGXDO�VWUHVV�HIIHFWV��7KH�GD�G1�D. ����� �FXUYHV�RI�WKH�EDVH�PDWHULDO�DQG�WKH�IULF�
WLRQ�VWLU�ZHOGV�WKHQ�IDOO�LQ�D�FRPPRQ�VFDWWHUEDQG��L��H��WKH�IDWLJXH�FUDFN�SURSDJDWLRQ�SURSHUWLHV

RI�EDVH�PDWHULDO�DQG�)6:�MRLQWV�DUH�YHU\�VLPLODU�

,QWURGXFWLRQ

2QH�RI� WKH�NH\� LVVXHV�GXULQJ� WKH�PDWHULDO� VHOHFWLRQV� IRU� OLJKW�ZHLJKW�DHURVSDFH�VWUXFWXUHV� LV

WKH�IDWLJXH�FUDFN�SURSDJDWLRQ��)&3��EHKDYLRU�RI�ORQJ�FUDFNV�XQGHU�GHILQHG�HQYLURQPHQW��)RU

H[DPSOH��DQ\�QHZ�PDWHULDO�IRU�DLUSODQH�IXVHODJHV�LQ�DUHDV�ZKHUH�GDPDJH�WROHUDQFH�LV�UHTXLUHG�

FDQ�RQO\�EH�DFFHSWHG�� LI� WKH� FUDFN� JURZWK�EHKDYLRU� LV� QRW�ZRUVH� WKDQ� WKH� VWDQGDUG������7�

PDWHULDO�>�@��0RUHRYHU�WKH�³DJLQJ�DLUFUDIW´�SUREOHP�>�@�DQG�WKH�WUHQG�WRZDUG�D�ODJHU�DLUFUDIW

LPSHO� WKH�DVVHVVPHQW�RI� WKH�GDPDJH� WROHUDQFH� FDSDELOLW\�RI� WKH� IXVHODJH�VWUXFWXUHV��7KLV�DV�

VHVVPHQW� LV� EDVHG� RQ� D� )&3�SUHGLFWLRQ�PHWKRGRORJ\� DQG� WKH�PDWHULDO¶V� UHVLVWDQFH� WR� VWDEOH

IDWLJXH� FUDFN� SURSDJDWLRQ� H[SUHVVHG� E\� D

GD�G1�D.�FXUYH��GD�G1�LV� WKH�FUDFN�SURSD�
JDWLRQ� UDWH� DQG�D.� WKH� DSSOLHG� RU� QRPLQDO
VWUHVV�LQWHQVLW\�IDFWRU�UDQJH��

&XUUHQWO\�D�YHU\� OLPLWHG�DPRXQW�RI�GDWD�RQ

)&3�LQ� IULFWLRQ�VWLU�ZHOGHG� MRLQWV�H[LVWV� >��

�@��0RVW� RI� WKH� ZRUN� RQ� IDWLJXH� RI� DOXPL�

QXP�IULFWLRQ�VWLU�ZHOGV� �)6:��KDV�EHHQ� UH�

VWULFWHG�WR�WKH�JHQHUDWLRQ�RI�6�1�GDWD�>�����

�@��,W�ZDV�VKRZQ�LQ�WKHVH�LQYHVWLJDWLRQV��WKDW

WKH� IULFWLRQ�VWLU�ZHOGHG� DUHD� LQ� WKH� MRLQWV� LV

VXVFHSWLEOH� WR� IDWLJXH� FUDFN� LQLWLDWLRQ�

(VSHFLDOO\� WKH� QRWFK� HIIHFWV� RI� VXUIDFH� LU�

UHJXODULWLHV� OLNH� WKH� FRQFHQWULF� ULSSOHV� DQG

WKH�RYHUODS�ZHOG� WRH�RQ� WKH�DGYDQFLQJ�VLGH

RI�WKH�ZHOG�KDG�D�GHWULPHQWDO�HIIHFW�RQ�6�1

IDWLJXH�OLIH�>����������@��6NLPPLQJ�RI�WKH�VXU�

IDFH� LUUHJXODULWLHV� QXOOLILHG� WKHVH� QRWFK

HIIHFWV�� ,Q�WKH�FDVH�RI�MRLQWV�IUHH�RI� LQWHUQDO

GHIHFWV�� WKH� )6:� 6�1� IDWLJXH� FXUYHV� ZHUH

6HFRQG� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� )ULFWLRQ� 6WLU� :HOGLQJ�� ������ -XQH� ������ *RWKHQEXUJ�

6ZHGHQ��RQ�FG�URP�HGLWHG�E\�7KH�:HOGLQJ�,QVWLWXWH�7:,��$ELQJWRQ�+DOO��8.

)LJ�����&URVV�VHFWLRQV�RI�WKH�IULFWLRQ�VWLU�ZHOGHG

MRLQWV�



FRPSDUDEOH� WR� WKH�EDVH�PDWHULDO� FXUYHV� >�@�� ,I� LQWHUQDO� FDYLWLHV�ZHUH�SUHVHQW�� D� UHGXFWLRQ� LQ

IDWLJXH�OLYH�ZDV�REVHUYHG�RQO\�LQ�VWUHVV�UDQJHV�DERYH�D�FULWLFDO�VWUHVV�OHYHO�>������@��7KH�FULWL�

FDO�VWUHVV� OHYHO�ZDV�HVWLPDWHG�E\�D�VLPSOH�IUDFWXUH�PHFKDQLFDO�PRGHO�UHTXLULQJ�WKH�HIIHFWLYH

�ORZHU�ERQG��EDVH�PDWHULDO�WKUHVKROG�D. � �	� ����� �DQG�D�VWUHVV�LQWHQVLW\�IDFWRU�VROXWLRQ�ILWWLQJ�WR�WKH
VL]H��VKDSH�DQG�SRVLWLRQ�RI�WKH�SRUHV�LQ�WKH�ZHOG�DV�LQSXW�SDUDPHWHUV�

3UHOLPLQDU\�)&3�H[SHULPHQWV�ZLWK�ZHOGHG�VSHFLPHQV�RI�WKH�DOXPLQXP�DOOR\V������7��>�@�DQG

�����7��>�@�GLVSOD\HG�ORZHU�FUDFN�JURZWK�UDWHV� LQ�WKH�ZHOG�WKDQ�LQ�WKH�EDVH�PDWHULDO��HVSH�

FLDOO\�LQ�WKH�UDQJH�RI�ORZ�FUDFN�SURSDJDWLRQ�UDWHV�DQG�VWUHVV�UDWLRV��,W�KDV�EHHQ�VXJJHVWHG�WKDW

LQFUHDVHG�UHVLVWDQFH�DJDLQVW�)&3�LV�FRQQHFWHG�WR�WKH�ILQH�JUDLQHG�PDWHULDO�LQ�WKH�ZHOG�>�@�RU�WR

FRPSUHVVLYH�ZHOGLQJ� VWUHVVHV� LQ� WKH� FRPSDFW� WHQVLRQ� VSHFLPHQV� XVHG� LQ� WKH�)&3� LQYHVWLJD�

WLRQV� >�@�� 5HVLGXDO� VWUHVVHV� ULVH� �WHQVLOH� VWUHVVHV�� RU� ORZHU� �FRPSUHVVLYH� VWUHVVHV�� WKH�PHDQ

VWUHVV�RU�ORDG�UDWLR�5�RI� WKH�DSSOLHG�ORDGLQJ��&RPSDUHG�WR�VWHHO��GD�G1�D.�FXUYHV�RI�DOXPL�
QXP�DOOR\V�DUH�PXFK�PRUH�VHQVLWLYH�WR�ORDG�UDWLR�HIIHFWV�>��@��+HQFH��HYHQ�VPDOO�DPRXQWV�RI

UHVLGXDO�VWUHVVHV��W\SLFDOO\�DWWULEXWHG�WR�IULFWLRQ�VWLU�ZHOGV��PD\�KDYH�DQ�HIIHFW�RQ�)&3�

7KH�REMHFWLYH�RI� WKLV�SDSHU� LV� WR�H[DPLQH�WKH�LQIOXHQFH�RI�SRUHV�DQG�UHVLGXDO�VWUHVVHV�RQ�WKH

IDWLJXH�FUDFN�SURSDJDWLRQ�FXUYHV�RI�IULFWLRQ�VWLU�ZHOGHG�MRLQWV�LQ������7��DQG������7��DOXPL�

QXP�DOOR\V�

0DWHULDOV�DQG�)ULFWLRQ�6WLU�:HOGLQJ

7ZR�W\SHV�RI���PP�WKLFN�DOXPLQXP�DOOR\�VKHHWV�������7��DQG������7���ZHUH�ZHOGHG�RQ�FRQ�

YHQWLRQDO�PLOOLQJ�PDFKLQHV�DW�'/5�DQG�'DLPOHU&KU\VOHU�RQ�WKH�EDVLV�RI� WKH�7:,�SURFHGXUH

GHVFULEHG� LQ� WKH�SDWHQW� >��@��7KH�HIIHFW�RI�SRUHV�RQ� WKH�GD�G1�D.�FXUYHV� LV� LQYHVWLJDWHG�E\
FRPSDULQJ�IULFWLRQ�VWLU�ZHOGV�SURGXFHG�DW�WKH�EHJLQQLQJ�RI�)6:�SURFHVV�GHYHORSPHQW�ZLWK�D

YHU\� VLPSOH� WRRO� �WRRO�$�� WR� VWDWH�RI�WKH�DUW� MRLQWV�PDQXIDFWXUHG�PRUH� UHFHQWO\�ZLWK� WRRO�%�

7KH�PDLQ�GLIIHUHQFH�EHWZHHQ�WKH�WZR�WRROV�ZDV�WKDW�WRRO�%�FRQWDLQHG�D�WKUHDG�ZKHUHDV�WRRO�$

GLG�QRW��7KHUHIRUH�QR�GRZQZDUG�WKUXVW�ZDV�LPSHOOHG�WR�WKH�PDWHULDO�MRLQHG�ZLWK�WRRO�$��,I�WRRO

%�ZDV�URWDWLQJ�LQ�WKH�SURSHU�GLUHFWLRQ�ZLWK�UHVSHFW�WR�LWV�WKUHDG��WKH�WKUHDGV�IRUFHG�GRZQ�WKH

VWLUUHG�PDWHULDO�DQG�OHG�WR�D�PDWHULDO�URWDWLRQ�DURXQG�WKH�ORQJLWXGLQDO�D[LV�DQG�WKH�WUDQVYHUVH

D[LV�RI�WKH�ZHOG�>�����@��7KH�URWDWLRQDO�IORZ�FDXVHG�WKH�ZHOO�NQRZQ�RQLRQ�ULQJ�VWUXFWXUH�LQ�WKH

FURVV�VHFWLRQ�RI�WKH�ZHOGV��)LJ�����,Q�WKH�MRLQWV�SURGXFHG�ZLWK�WKH�WRRO�$�WKH�GRZQZDUG�WKUXVW

ZDV�DEVHQW��KHQFH�QR�RQLRQ�ULQJ�VWUXFWXUH�LV�YLVLEOH��0RUHRYHU�WKH�ORZHU�SDUW�RI�WKH�ZHOG�QXJ�

JHW�ZDV�VXVFHSWLEOH�WR�WKH�IRUPDWLRQ�RI�SRUHV��DV�VKRZQ�LQ�)LJ����IRU�WKH������7��PDWHULDO��,Q

ERWK�WRRO�$�MRLQWV�WKH�ELJJHVW�FDYLWLHV�FRXOG�EH�DSSUR[LPDWHG�ZLWK�D���GLPHQVLRQDO�HOOLSVRLG
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)LJ�����+DUGQHVV�SURILOHV�WDNHQ�LQ�WKH�PLGVHFWLRQ�RI�WKH�)6:�MRLQWV��[� ���FRUUHVSRQGV�WR�WKH

FHQWHU�RI�WKH�ZHOG�QXJJHW�



KDYLQJ� D� ����PP� ORQJ� D[LV� SHUSHQGLFXODU� WR� WKH� ZHOGLQJ� GLUHFWLRQ�� D� ����PP� ORQJ� D[LV� LQ

ZHOGLQJ� GLUHFWLRQ� DQG� D� �����PP� ORQJ� D[LV� LQ� WKLFNQHVV� GLUHFWLRQ� >��@�� 6HYHUDO� SRUHV�ZHUH

GLVWULEXWHG�DORQJ�D�VWULQJ�LQ�ZHOGLQJ�GLUHFWLRQ��7KH�GLVWDQFH�EHWZHHQ�WKH�ERUGHUV�RI�WZR�FDYL�

WLHV�LQ�VXFK�D�VWULQJ�ZDV�DW�OHDVW�DERXW�����PP�

7KH�ZHOGLQJ�GLUHFWLRQ�ZDV�DOZD\V�LQ�UROOLQJ�GLUHFWLRQ�EHVLGHV�IRU�WKH������7��WRRO�$�MRLQWV�

ZKLFK� ZHUH� ZHOGHG� SHUSHQGLFXODU� WR� WKH� ZHOGLQJ� GLUHFWLRQ�� 7DEOH� �� VXPPDUL]HV� WHQVLOH

VWUHQJWK�YDOXHV�DQG�SURFHVV�SDUDPHWHUV�RI�WKH�ZHOGV��7KH�KDUGQHVV�GLVWULEXWLRQ�LQ�WKH������7�

MRLQWV�LV�FRQVLVWHQW�ZLWK�WKH�WHQVLOH�VWUHQJWK��WKH�WRRO�$�MRLQW�LV�FKDUDFWHUL]HG�E\�D�VRPHZKDW

ORZHU�KDUGQHVV�FXUYH�WKDQ�WKH�WRRO�%��)LJ�����7KH�GLIIHUHQFHV�LQ�KDUGQHVV�DQG�VWUHQJWK�LQ�WKH

IULFWLRQ�VWLU�ZHOGV�RI������7��DUH�PDLQO\�DWWULEXWHG�WR�WKH�RFFDVLRQ�RI�WKH�7��DJLQJ�KHDW�WUHDW�

PHQW���K�������&���ZKLFK�ZDV�SHUIRUPHG�DIWHU�ZHOGLQJ�LQ�FDVH�RI�WKH�WRRO�$�ZHOGV�DQG�EHIRUH

ZHOGLQJ�LQ�WKH�FDVH�RI�WKH�WRRO�%�ZHOGV��7KH�KHDW�WUHDWPHQW�DIWHU�ZHOGLQJ�SUREDEO\�FDXVHG�D

SDUWLDO�UH�SUHFLSLWDWLRQ�RI�WKH�b¶��0J 6 6L��KDUGHQLQJ�SKDVHV�GLVVROYHG�GXULQJ�WKH�ZHOGLQJ�SURF�
HVV��7KHUHIRUH�WKH�VWUHQJWK�DQG�WKH�QXJJHW�KDUGQHVV�RI�WKH�³ORZ�TXDOLW\´��WRRO�$��ZHOGV�ZDV

KLJKHU�

7DEOH����6WDWLF�SURSHUWLHV�RI���PP�WKLFN�EDVH�PDWHULDOV�DQG�)6:�MRLQWV�

2ULHQ�

WDWLRQ

5RWDWLRQDO

VSHHG�>USP@

:HOG� VSHHG

>PP�PLQ@

5 7#8#9 6
>1�PP

6
@

5 :
>1�PP

6
@

�����7��EDVH 7 ��� ���

�����7��WRRO�$ / ���� ��� ��� ���

�����7��WRRO�% 7 ���� ��� ��� ���

�����7��EDVH 7 ��� ���

�����7��WRRO�$ 7 ���� ��� ��� ���

�����7��WRRO�% 7 ���� ���� ��� ���

([SHULPHQWDO�3URFHGXUH

)&3�WHVWV

$OO�IDWLJXH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�ZLWK�FRQVWDQW�DPSOLWXGHV��DW�URRP�WHPSHUDWXUH�DQG�LQ

ODERUDWRU\� DLU� RQ� D� FRPSXWHU� FRQWUROOHG� VHUYRK\GUDXOLF� WHVWLQJ�PDFKLQH� IROORZLQJ�$670�(

����>��@��&UDFN�SURSDJDWLRQ�ZDV�PRQLWRUHG�WKURXJK�WKH�SRWHQWLDO�GURS�WHFKQLTXH��,Q�PRVW�RI

WKH�WHVWV�����PP�ZLGH�FRPSDFW

WHQVLRQ� VSHFLPHQV� �&�7���� )LJ�

���ZHUH�XVHG� IRU�KLJK� �5� ����

DQG� ����� DQG� ORZ� �5� � �����5�

UDWLR� WHVWV�� 7KH� QHJDWLYH� ORDG

UDWLR� FXUYHV� RI� WKH� �����7�

EDVH�PDWHULDO�DQG�VRPH�5� ����

FXUYHV� RI� ZHOGHG� VSHFLPHQV

ZHUH� REWDLQHG� IURP� ��� PP

ZLGH� PLGGOH� FUDFNHG� WHQVLRQ

VSHFLPHQV� �0�7���� $OO� WHVWV

ZLWK� )6:� VSHFLPHQV� ZHUH

SHUIRUPHG� LQ� WKH� ³DV�ZHOGHG´

FRQGLWLRQ�

;

<
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)LJ�����6SHFLPHQ�IRU�IDWLJXH�FUDFN�SURSDJDWLRQ�WHVWV�



5HVLGXDO�VWUHVV�LQWHQVLW\�IDFWRU�PHDVXUHPHQW

7KH� VWUHVV� LQWHQVLW\� IDFWRU� GXH� WR� UHVLGXDO� VWUHVVHV�. ced � ZDV� GHWHUPLQHG� GLUHFWO\� ZLWK� WKH� VR
FDOOHG�³FXW�FRPSOLDQFH�PHWKRG´�>��@��7KH�PHWKRG�LV�EDVHG�RQ�WKH�FUDFN�FRPSOLDQFH�PHWKRG��D

QDUURZ� VDZ� FXW� LV� LQWURGXFHG� SURJUHVVLYHO\� LQ� WKH� SRWHQWLDO� FUDFN� SODQH� RI� WKH� FRQVLGHUHG

VSHFLPHQ�RU� FRPSRQHQW� DQG� WKH� UHVXOWLQJ� VWUDLQ� FKDQJH� LV�PHDVXUHG�E\� D� VWUDLQ� JDXJH��7KH

GHVLUHG�VWUHVV�LQWHQVLW\�IDFWRU�LV�SURSRUWLRQDO�WR�WKH�VORSH�RI�WKH�PHDVXUHG�VWUDLQ�e�SORWWHG�DV�D
IXQFWLRQ�RI�WKH�GHSWK�RI�WKH�FXW��L��H��FUDFN�OHQJWK�D��

( ) GD
G

D=

(
. f%g e�

= ���

7KH�SURSRUWLRQDOLW\�IDFWRU�RU�LQIOXHQFH�IXQFWLRQ�=�D��LV�D�XQLTXH�IXQFWLRQ�� WKDW�GHSHQGV�RQO\

RQ�WKH�FXW�GHSWK��WKH�JHRPHWU\�RI�WKH�VSHFLPHQ�RU�FRPSRQHQW�DQG�WKH�VWUDLQ�PHDVXUHPHQW�OR�

FDWLRQ��)RU�VLPSOH�JHRPHWULHV�=�D��LV�REWDLQHG�E\�EDVLF�UHODWLRQV�RI�OLQHDU�HODVWLF�IUDFWXUH�PH�

FKDQLFV�

%HVLGHV� LWV� VLPSOLFLW\�� WKH�JUHDW�DGYDQWDJH�RI� WKLV�PHWKRG� LV� WKDW� LW� GHOLYHUV� WKH� LQIRUPDWLRQ

DERXW�UHVLGXDO�VWUHVVHV�LQ�D�VXLWDEOH�IRUP�IRU�GLUHFW�XVH�LQ�IUDFWXUH�PHFKDQLFV��0RUHRYHU� WKH

HODVWLF� UH�GLVWULEXWLRQ� RI� UHVLGXDO� VWUHVVHV�ZLWK� LQFUHDVLQJ� FUDFN� RU� VOLW� OHQJWK� LV� DOUHDG\� LQ�

FOXGHG� LQ� WKH�. c�d � YHUVXV� D� VROXWLRQ��2Q� WKH�RWKHU�KDQG�� WKH� GHWHUPLQDWLRQ� RI� WKH� XQGHUO\LQJ
UHVLGXDO�VWUHVV�GLVWULEXWLRQ�LQ�WKH�XQ�FUDFNHG�VWUXFWXUH�LV�QRW�VWUDLJKWIRUZDUG��,I�VRPH�LGHD�RU

LQIRUPDWLRQ�DERXW�D�SRVVLEOH�UHVLGXDO�VWUHVV�GLVWULEXWLRQ�LV�DYDLODEOH��WKH�H[DFW�VWUHVV�GLVWULEX�

WLRQ� FDQ� LQ�SULQFLSOH�EH�REWDLQHG�ZLWK� WKH�ZHLJKW� IXQFWLRQ�PHWKRG� >��@� E\� D� WUDLO� DQG� HUURU

SURFHGXUH��)XUWKHU�LQIRUPDWLRQ�RQ�WKH�YHULILFDWLRQ�DQG�DFFXUDF\�RI�WKH�FXW�FRPSOLDQFH�PHWKRG

PD\�EH�IRXQG�LQ�UHIHUHQFHV�>��@�DQG�>��@�

,Q�WKLV�LQYHVWLJDWLRQ�D�VWUDLQ�JDJH�ZDV�JOXHG�RQ�WKH�&�7��VSHFLPHQ�DW�WKH�ORFDWLRQ�LQGLFDWHG�LQ

)LJ�����7KH�LQIOXHQFH�IXQFWLRQ�IRU�WKH�VHW�XS�ZDV�REWDLQHG�E\�D�ILW�RI�WKH�ILQLWH�HOHPHQW�UHVXOWV

RI�6FKLQGOHU�DQG�/DQGROW�>��@�
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&�7��VSHFLPHQ
: ��PP

)LJ�����'LVWULEXWLRQ�RI� WKH� VWUHVV� LQWHQVLW\� IDFWRU�GXH� WR� UH�

VLGXDO�VWUHVVHV�LQ�WKH�OLJDPHQW�RI�WKH�&�7��VSHFLPHQV�
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7KH�FUDFN�ZDV�VLPXODWHG�E\�����PP�ZLGH�IUHW�VDZ�FXWV��ZKLFK�ZHUH�LQWURGXFHG�PDQXDOO\�LQ��

PP�LQFUHPHQWV��7KH�PHDVXUHG�VWUDLQ�YHUVXV�FXW�GHSWK��D��GDWD�ZHUH�ILWWHG�E\�WKLUG�WR�ILIWK�GH�

JUHH�SRO\QRPLDOV��7KHVH�SRO\QRPLDOV�FRXOG�EH�HDVLO\�GLIIHUHQWLDWHG�DQG�LQVHUWHG�LQ�HTQ������

)LJ����VKRZV�WKH�GLVWULEXWLRQ�RI�. c�d � LQ�WKH�OLJDPHQW�RI�WKH�ZHOGHG�&�7��VSHFLPHQV�PHDVXUHG
ZLWK�WKH�FRPSOLDQFH�FXW� WHFKQLTXH��0HDQ�YDOXHV�RI�DW� OHDVW���FXWWLQJ� WHVW�ZHUH�XVHG�IRU�RQH

FXUYH��7KH�MRLQW�ZLWK�WKH�KLJKHVW�\LHOG�VWUHVV�������7��WRRO�%��LV�FKDUDFWHUL]HG�E\�WKH�KLJKHVW

QHJDWLYH�UHVLGXDO�VWUHVVHV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�WZR������7��MRLQWV�LV�SUREDEO\�GXH�WR

WKH�7��KHDW�WUHDWPHQW��WKH�WRRO�$�PDWHULDO�ZDV�KHDW�WUHDWHG�DIWHU�ZHOGLQJ�DQG�D�VOLJKW�UHOD[D�

WLRQ� RI� UHVLGXDO� VWUHVVHV� WRRN� SODFH� GXULQJ� WKH� KHDW� WUHDWPHQW�� 7KH� QHJDWLYH� VWUHVV� LQWHQVLW\

IDFWRU�FXUYHV�RI�)LJ����DUH�UHODWHG�WR�FRPSUHVVLYH�UHVLGXDO�VWUHVVHV�DKHDG�RI�WKH�FUDFN��$SSDU�

HQWO\� WKH� UHVLGXDO� VWUHVVHV� UH�DUUDQJH� DIWHU� D� FUDFN�JURZWK� LQFUHPHQW� LQ� VXFK�ZD\� WKDW� FRP�

SUHVVLYH�VWUHVVHV�DUH�PDLQWDLQHG�DW�WKH�FUDFN�WLS��:LWK�LQFUHDVLQJ�FUDFN�OHQJWK�WKH�PDJQLWXGH

RI� WKH� FRPSUHVVLYH� UHVLGXDO� VWUHVVHV� GHFUHDVHV� DQG� ILQDOO\� RQO\� VPDOO� DPRXQWV� RI� WHQVLOH

VWUHVVHV�DUH�DFWLYH�DW�WKH�WLSV�RI�ORQJ�FUDFNV�

5HVXOWV

(IIHFWV�RI�3RUHV�RQ�)&3

7KH�GD�G1�D.�FXUYHV�RI�&�7�� VSHFLPHQV� FRQWDLQLQJ�SRUHV� �WRRO�$�� DUH� FRPSDUHG� WR� GHIHFW
IUHH�MRLQWV��WRRO�%��DQG�EDVH�PDWHULDOV�LQ�)LJ�����,Q�ERWK�PDWHULDOV�WKH�GHWHULRUDWLRQ�RI�WKH�)&3

SURSHUWLHV�FDXVHG�E\�WKH�SRUHV�LV�PXFK�VPDOOHU�WKDQ�WKH�GURS�LQ�IDWLJXH�OLIH�REVHUYHG�LQ�WKH�6�

1�WHVWV�>�����@��'HSHQGLQJ�RQ�WKH�ORDG�OHYHO��IDFWRUV�RI���XS�WR����LQ�IDWLJXH�OLIH�EHWZHHQ�GH�
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)LJ�����)DWLJXH�FUDFN�SURSDJDWLRQ�FXUYHV�RI�MRLQWV�FRQWDLQLQJ�SRUHV��WRRO�$��FRPSDUHG�WR�GH�

IHFW�IUHH�MRLQWV��WRRO�%��DQG�WR�WKH�EDVH�PDWHULDOV�



IHFW� IUHH�DQG�GHIHFWLYH� MRLQWV�ZHUH� IRXQG� LQ� WKH�6�1�H[SHULPHQWV�� ,W� VKRXOG�EH� UHFDOOHG�KHUH

WKDW� WKH� �����7�� MRLQWV�ZHUH� H[SRVHG� WR� D� VOLJKWO\� GLIIHUHQW� KHDW� WUHDWPHQW� SURFHGXUH�� 7KLV

PD\�EH�UHVSRQVLEOH�IRU�WKH�KLJKHU�RYHUDOO�WRRO�$�YHUVXV�WRRO�%�GLVFUHSDQF\�IRXQG�LQ�WKH������

7��MRLQWV�FRPSDUHG�WR�WKH������7��ZHOGV�

,Q�ERWK�PDWHULDOV�DQ�DSSDUHQW�LPSURYHPHQW�RI�WKH�)&3�SURSHUWLHV�DIWHU�IULFWLRQ�VWLU�ZHOGLQJ�LV

REVHUYHG�DW�ORZ�ORDG�DQG�5� ������7KLV�HIIHFW�LV�DWWULEXWHG�WR�WKH�FRPSUHVVLYH�UHVLGXDO�VWUHVVHV

DQG�ZLOO� EH� WKRURXJKO\� GLVFXVVHG� LQ� QH[W� SDUDJUDSK�� $W� KLJKHU� ORDGV� DQG�5�UDWLRV�� UHVLGXDO

VWUHVVHV� ZHUH� OHVV� HIIHFWLYH� DQG� VLPLODU� EDVH� PDWHULDO� DQG� )6:� GD�G1�D.� FXUYHV� ZHUH
DFKLHYHG�

,W�VKRXOG�EH�QRWHG�KHUH��WKDW�LQ�WKH�VPDOO�ZHOGHG�&�7��VSHFLPHQV�WKH�SODVWLF�]RQH�VL]H�YDOLGLW\

OLPLW�RI�$670�(�����ZDV�YLRODWHG�DW�D.�!�����03D»P�LQ�WKH������7��)6:�MRLQWV�WHVWHG�DW�5

 �����DQG�DW�D.�!���03D»P�LQ�WKH������7��MRLQWV�WHVWHG�DW�5� ������6LQFH�WKH�LQIUDFWLRQ�RI�WKH

$670�OLPLWV�GLG�QRW�DOWHU�WKH�JHQHUDO�WUHQGV�RI�WKH�FXUYHV��WKH�FRPSOHWH�GD�G1�D.�GDWD�VHWV
DUH�SUHVHQWHG�KHUH�

(IIHFWV�RI�5HVLGXDO�6WUHVVHV�RQ�)&3

)DWLJXH�FUDFN�SURSDJDWLRQ�FXUYHV�RI�DOXPLQXP�DOOR\V�XVXDOO\�H[KLELW�SURQRXQFHG�5�UDWLR�HI�

IHFWV�DV�VKRZQ�LQ�WKH�OHIW�GLDJUDP�RI�)LJ����IRU������7��EDVH�PDWHULDO��)RU�D�JLYHQ�ORDG�D.�
FUDFN�JURZWK�UDWHV�LQFUHDVH�ZLWK�LQFUHDVLQJ�5��7KH�UHDVRQ�IRU�WKLV�EHKDYLRU�LV�WKDW�SDUWLFXODUO\

DW�ORZ�RU�QHJDWLYH�5�UDWLRV�RQO\�D�SDUW�RI�WKH�DSSOLHG�D.��GHVLJQDWHG�DV�WKH�³HIIHFWLYH�VWUHVV

LQWHQVLW\�IDFWRU�UDQJH�D. 35414 ´��DFWV�DV�GULYLQJ�IRUFH�DW�WKH�FUDFN�WLS�>��@��,Q�RWKHU�ZRUGV��D. 36414 �LV
WKH�UDQJH�EHWZHHQ�WKH�FUDFN�RSHQLQJ�VWUHVV�LQWHQVLW\�IDFWRU�. 7	8 �DW�WKH�YHU\�FUDFN�WLS�DQG�. 9;:�<
�)LJ�����FHQWHU���,UUHVSHFWLYH�RI�WKH�DSSOLHG�ORDG�UDWLR��HTXDO�D. 36414 �YDOXHV�DUH�VXSSRVHG�WR�UHVXOW
LQ�HTXDO�FUDFN�SURSDJDWLRQ�UDWHV�DV�VKRZQ�LQ�WKH�ULJKW�VLGH�RI�)LJ�����7KH�XQGHUO\LQJ�SK\VLFDO

PHFKDQLVPV� RI� WKLV� HIIHFW� DUH� VWLOO� EHLQJ� GHEDWHG� >��@�� 6R� IDU� LW� LV� LPSRUWDQW� WR� NQRZ�� WKDW

D. 3=414 � LV�XVXDOO\�FDOFXODWHG�IURP�HPSLULFDO�UHODWLRQVKLSV�ZKLFK�GHSHQG�RQ�. 9>:�< �RU�D.�DQG�5
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)LJ�����7KH�HIIHFW�RI�5�UDWLR�RI�RQ�GD�G1�D.�FXUYHV��ULJKW��LV�VXSSUHVVHG�LI�WKH�FUDFN�SURSDJD�
WLRQ�UDWHV�DUH�SORWWHG�DV�D�IXQFWLRQ�RI�WKH�HIIHFWLYH�VWUHVV�LQWHQVLW\�IDFWRU�UDQJH�D. ����� ��OHIW��
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%RWK�VROXWLRQV�DUH�YDOLG�LQ�WKH�±����5�����UDQJH��7KH������7��VROXWLRQ�ZDV�WDNHQ�IURP�>��@�
7KH������7��UHODWLRQVKLS�ZDV�REWDLQHG�E\�VKLIWLQJ�WKH�GD�G1�D.�FXUYHV�RQ�WKH�5� �����FXUYH�
ZKHUH�WKH�FUDFN�LV�DVVXPHG�WR�EH�IXOO\�RSHQ�DQG�WKHUHIRUH�D.�HTXDOV�D. ����� �>��@�
:KHQ�D�IDWLJXH�FUDFN�LV�SURSDJDWLQJ�LQ�D�UHVLGXDO�VWUHVV�ILHOG��IRU�H[DPSOH�LQ�D�ZHOGHG�SODWH�

WKH�VWUHVV�LQWHQVLW\�DW�WKH�FUDFN�IURQW�LV�LQIOXHQFHG�E\�WKH�FRPELQHG�HIIHFW�RI�UHVLGXDO�VWUHVVHV

DQG�WKH�VWUHVV�UHVXOWLQJ�IURP�WKH�H[WHUQDOO\�DSSOLHG��QRPLQDO��ORDG��:LWKLQ�WKH�YDOLGLW\�OLPLW�RI

OLQHDU�HODVWLFLW\�WKH�WRWDO�VWUHVV�LQWHQVLW\�IDFWRU�DFWLQJ�DW� WKH�FUDFN�WLS�LV�JLYHQ�E\�WKH�VXP�RI

WKH� UHVLGXDO� VWUHVV� DQG� H[WHUQDO� ORDGLQJ� FRQWULEXWLRQV� �VXSHUSRVLWLRQ� SULQFLSOH�� >�����@�� 7KH

D.�YDOXH� � �. ����� �±�. ��� � �� UHPDLQV�XQDIIHFWHG�E\�. ��� �� VLQFH� WKH� UHVLGXDO� VWUHVV�. ��� � KDV� WR�EH
DGGHG�WR�WKH�ZKROH�QRPLQDO�RU�DSSOLHG�ORDGLQJ�VWUHVV�LQWHQVLW\�UDQJH�D.��2Q�WKH�RWKHU�KDQG
WKH�WUXH

�
�ORDG�UDWLR�5 � �LV�JLYHQ�E\�

����! #"
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+
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,W� LV�QRZ�SRVVLEOH�WR�FDOFXODWH� WKH�WUXH�ORDG�UDWLR�RQ�WKH�EDVLV�RI� WKH�. ��� �YHUVXV�FUDFN� OHQJWK
GLVWULEXWLRQV�SUHVHQWHG� LQ�)LJ�����6XEVHTXHQWO\� WKH�HIIHFWLYH�FUDFN�GULYLQJ�IRUFH�D. �'�(� � LV�RE�
������������������������������������������������)
�7KH�ZRUG�ÄHIIHFWLYH³�VKRXOG�QRW�EH�XVHG�IRU�WKLV�GHILQLWLRQ�RI�5��VLQFH�LW�LV�XVXDOO\�HPSOR\HG�IRU�WKH�GHVFULSWLRQ

RI�VWUHVV�LQWHQVLWLHV�DQG�VWUHVV�LQWHQVLW\�UDWLRV�DFWLQJ�ORFDOO\�DW�WKH�FUDFN�WLS�
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)LJ�� ��� (IIHFWLYH� FUDFN� SURSDJDWLRQ� FXUYHV� RI� WKH� ZHOGHG� VSHFLPHQV� FRPSDUHG� WR� WKH� EDVH

PDWHULDO�VFDWWHUEDQGV�



WDLQHG�XQGHU� WKH� DVVXPSWLRQ� WKDW� HTXDWLRQ� ���� LV� DSSOLFDEOH� DOVR� IRU� WKH� IULFWLRQ� VWLU�ZHOGHG

PLFURVWUXFWXUHV�

,I�WKH�UHVLGXDO�VWUHVV�FRQWULEXWLRQ�LV�LQFOXGHG�LQ�WKH�DSSOLHG�ORDG�UDWLR�DV�H[SODLQHG�LQ�WKH�SUH�

YLRXV�SDUDJUDSK��WKH�)&3�FXUYHV�RI�WKH�ZHOGHG�MRLQWV�IDOO�LQ�WKH�VFDWWHUEDQG�RI�WKH�EDVH�PDWH�

ULDOV��)LJ�����$�VOLJKW�LPSURYHPHQW��LI�DQ\��RI�)&3�EHKDYLRU�DIWHU�ZHOGLQJ�LV�RQO\�H[KLELWHG�E\

WKH�GDWD�RI� WKH� WRRO�%������7��IULFWLRQ�VWLU�ZHOGV��ZKLFK� OLH�RQ� WKH� ULJKW�ERUGHU�RI� WKH�EDVH

PDWHULDO�VFDWWHUEDQG��7KH�UDQNLQJ�RI�WKH������7��WRRO�$�YHUVXV�WRRO�%�ZHOGV�REVHUYHG�LQ�)LJ�

��LV�UHWDLQHG�ZKHQ�WKH�FUDFN�SURSDJDWLRQ�UDWHV�DUH�SORWWHG�DV�D�IXQFWLRQ�RI�. ����� �LQ�)LJ�����6LQFH
UHVLGXDO� VWUHVV� HIIHFWV� DUH� VRUWHG� RXW�� D� VPDOO� GHJUDGDWLRQ� RI� )&3� SURSHUWLHV� GXH� WR� SRUHV

�DQG�RU�KHDW�WUHDWPHQW��FDQ�EH�JUDQWHG�WR�WKLV�PDWHULDO��0RUH�LPSRUWDQW�LV�WKH�IDFW�WKDW�WKH�DS�

SDUHQW� LPSURYHPHQW� RI� )*3� SURSHUWLHV� DW� ORZ� ORDGV� DQG� ORDG� UDWLRV� GLVSOD\HG� LQ� )LJ�� �� LV

VROHO\� FDXVHG� E\� FRPSUHVVLYH� UHVLGXDO� VWUHVVHV� SUHVHQW� LQ� WKH� FUDFN� WLS� UHJLRQ� RI� WKH� &�7�

VSHFLPHQV�

7KH� TXHVWLRQ� DULVHV� QRZ�� LI� FUDFN� SURSDJDWLRQ� FXUYHV�PHDVXUHG�ZLWK� DQRWKHU� VSHFLPHQ� JH�

RPHWU\� DQG� WKHUHIRUH� D� GLIIHUHQW� UHVLGXDO� VWUHVV� GLVWULEXWLRQ� \LHOG� DOVR� GLIIHUHQW� QRPLQDO

GD�G1�D.�FXUYHV��,Q�)LJ����5� �����)&3�FXUYHV�RI�FHQWHU�FUDFNHG�0�7��VSHFLPHQV�DUH�FRP�

SDUHG�WR�WKH�FXUYHV�PHDVXUHG�ZLWK�HGJH�FUDFNHG�&�7��VSHFLPHQV��,QGHHG�ODUJH�GLVFUHSDQFLHV

DUH�IRXQG�LQ�WKH�FDVH�RI�WKH�ZHOGHG�VSHFLPHQV��ZKHUHDV�WKH�EDVH�PDWHULDO�FXUYHV�OLH�LQ�D�FRP�

PRQ�VFDWWHUEDQG�DV�H[SHFWHG��(YLGHQWO\�WKH�PDFKLQLQJ�RI�WKH�VSHFLPHQV�DQG�WKH�FUDFN�VWDUWHU

QRWFKHV�JHQHUDWHG�GLIIHUHQW�UH�DUUDQJHPHQWV�RI�UHVLGXDO�VWUHVVHV�LQ�&�7��DQG�0�7��VSHFLPHQV�

)LJ����VKRZV�VFKHPDWLF�WUHQGV�RI�WKH�UHVLGXDO�VWUHVVHV�SHUSHQGLFXODU�WR�WKH�ZHOG�LQ�D�ZHOGHG

SODWH�DQG�LQ�&�7��DQG�0�7��VSHFLPHQV�PDFKLQHG�IURP�D�ZHOGHG�SODWH�ZLWK�VXFK�D�VWUHVV�GLV�

WULEXWLRQ��2WKD�HW�DO��>��@�LQYHVWLJDWHG�WKHVH�VWUHVV�GLVWULEXWLRQV�LQ�JDV�PHWDO�DUF�ZHOGHG�VWHHO

MRLQWV�E\�;�UD\�PHDVXUHPHQWV�� ,Q�ZHOGLQJ��UHVLGXDO�VWUHVVHV�DUH�JHQHUDOO\�D�UHVXOW�RI� WKH�LP�

SHGLPHQW�RI�VKULQNDJH�RI�WKH�KRWWHU�ZHOG�]RQHV�E\�WKH�VXUURXQGLQJ�FRROHU�]RQHV�>��@��$�VLPL�
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)LJ�� ��� ,QIOXHQFH� RI� VSHFLPHQ� JHRPHWU\� RQ

QRPLQDO�GD�G1�D.�FXUYHV�
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